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Abstract 
Peripheral nerve diseases in human have become a major and challenging issue in the present time period. As a result, the 
patients suffering from various nerve diseases such as Guillain-Barre Syndrome (GBS) and chronic inflammatory 
demyelinating polyneuropathy (CIDP) belongs to a group with reduced nerve conduction velocity (NCV). The reduction of 
NCV is caused due to the loss of myelin in the axon of the nerve. We have modelled a coupled nerve by coupling a 
demyelinated nerve with a myelinated nerve. We have also formulated the NCV of the modelled nerve by considering sodium 
ion, fast potassium ion and small amount of other ions such as calcium and chlorine ion which constitute the leakage channel in 
the peripheral nerves of human in order to increase the NCV of the demyelinated patients. The variation of NCV of the coupled 
nerve is compared with the NCV of a single, purely demyelinated nerve. 
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1. Introduction 
     Demyelination is characterized by a defective structure and function of myelin sheaths. Research to repair 
damaged myelin sheaths is ongoing. Scientists are concentrating on finding new treatments and refining existing 
ones. Techniques include cell replacement therapy which has provided the basis for the development of potentially 
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powerful new therapeutic strategies for a broad spectrum of human neurological diseases. The transplantation of 
stem cells may provide effective treatments due to the self-renewing and multipotential nature of cells, including 
delivery of therapeutic factors to provide tropic support or missing gene products, mobilization of endogenous 
stem cells and replacement of lost or dysfunctional cells [1]. Two nerves that are parallel and relatively close 
together influence each other and thus it is a way to research to repair the damaged nerve. Many evidences of 
nonsynaptic interactions apart from synaptic interactions among the axons were observes from the theoretical and 
experimental results of the past works [2].The adjacent fibers may undergo ephaptic interactions and thus they may 
influence the properties of one another.  
     Hodgkin and Huxley’s (H-H) model of nerve fiber is one of the most outstanding scientific achievements in 
neuroscience for the analysis of conduction of action potential sequences in nerve fiber [3] [4] [5] as it not only 
provides electrical, physical properties of membrane of a squid giant axon, but also nerve conduction properties 
[6].Nerve conduction velocity is one of the important parameter for clinical analysis of propagation of action 
potential sequences generated by the neural membranes through the nerve fiber [7]. A layer of Schwann cell 
membranes of myelinated sheath (grown from the glial cells [8]) surrounding the axon plays a crucial role for 
faster conduction of action potential sequences by saltation process in which the impulses jumps from one node to 
another node via the node of Ranvier [9]. It is seen that the demyelinating patients are affected by reduced 
conduction velocity as the node of Ranvier tends to disappear with demyelination and as result the movements of 
ions from one side to other side of node in nerve fiber becomes slow due to non-occurring of saltatory movement 
[10] [11]. In our previous work [12], we have presented the electric model with incorporation of a demyelinating 
factor (as a function of myelin sheath thickness) in a single demyelinated nerve fiber to estimate the nerve 
conduction velocity from its electric model. The formulation clearly indicates the amount of decrease in 
conduction velocity with the increase in demyelination. 
     In this paper, we have modelled a nerve, known as the coupled nerve by interacting a demyelinated nerve with a 
myelinated nerve, with the idea of ephaptic coupling, so as to raise the rate of conduction velocity in case of a 
demyelinated nerve caused due to the demyelination of the myelin sheath. The variation of NCV of the coupled 
nerve obtained from the formulation and stimulating in MATLAB is compared with the NCV of a single, purely 
demyelinated nerve from our previous work. 
Nomenclature 
w Width of myelin sheath of normal nerve fiber 
Ri            Internal resistance of normal myelinated nerve  
Ro           External resistance of normal myelinated nerve  
C Membrane capacitance 
GNa         Ionic conductance of sodium ions 
GKf             Ionic conductance of fast potassium ions 
GKs         Ionic conductance of slow potassium ions 
GL          Ionic conductance contributed by leakage channel ions 
Greek symbols 
Ȗ Demyelinating factor  
¨w         Amount of reduced myelin sheath 
2. Modeling of the coupled nerve:   
      The first quantitative description of axonal membrane currents was made by Hodgkin and Huxley [6] for the 
giant axon of the squid. Later, Frankenhaeuser [13] demonstrated that membrane currents measured in the frog 
node of Ranvier were similar to those of the squid axon and were composed of Na and K currents and a non-
specific leakage current. Finally, Schwarz.et.al showed that the membrane currents in the human node of Ranvier 
were mainly composed of Na, fast potassium, slow potassium and a part of leakage current [9].In our previous 
work [12], we have presented a electric circuit model of a demyelinated nerve incorporated with a demyelinating 
factor (expressed as Ȗ ~ ¨w / w, w = width of myelin sheath of normal nerve fiber, ¨w is the amount of reduced 
myelin sheath) consisting of an internal resistance of Rid (= Ri (1-Ȗ), where Ri =internal resistance of normal 
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myelinated nerve), Rod (= Ro (1-Ȗ) where Ro = external resistance of normal myelinated nerve), membrane 
capacitance C (1+Ȗ), (C = capacitance of normal myelinated nerve contributed by membrane, nodal and axolemmal 
capacitance) and the ionic conductance of the demyelinated nerve  are GNa (1+Ȗ), GKf (1+Ȗ), GKs (1+Ȗ) and GL (1+Ȗ) 
respectively ( where GNa,  GKf, GKs and GL are ionic conductance of sodium ions, fast potassium and slow 
potassium and leakage ions such as chlorine and calcium ions, respectively for normal myelinated nerve) as shown 
in fig.1 below: 
                                          
 
      A myelinated nerve having a total resistance of Rm is situated parallel to a demyelinated nerve having a total 
resistance of Rdm. The total resistance of the myelinated nerve is divided at two points A and B, equally in 
magnitude and direction as Rm/2, while, the demyelinated nerve resistance is divided at X and Y, equally in 
magnitude and direction as Rdm/2 as shown in fig.2. The two parallel nerves will try to interact among themselves 
through the process of coupling or nonsynaptic interaction. 
 
 
    
 
   Fig.1. an electric circuit model of a demyelinated nerve in human
Fig.2. a myelinated nerve parallel to a demyelinated nerve. 
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           Fig.2 and fig.3 shows the electric model of a coupled nerve after interaction of two parallel nerves. Fig.2 
shows a myelinated nerve situated parallel to a demyelinated nerve. After nonsynaptic interaction or coupling, the 
equivalent circuit is as shown in fig.3. After coupling at point BX, the equivalent resistance is a, where a = 1/ 
(Rm/2) + 1/ (Rdm/2). Now, Rm/2, a, Rdm/2 are in series, therefore the equivalent resistance of the nerve Rcn = Rm/2 + 
a + Rdm/2, where Rm, Rdm and Rcn are the resistances of the myelinated, demyelinated and the coupled nerve. The 
equivalent capacitance of the nerve becomes Ccn = Cm + Cdm where Ccn, Cm and Cdm represent the capacitance of a 
myelinated and a demyelinated nerve respectively. The ionic conductance for sodium, fast potassium, slow 
potassium and leakage conductance for the coupled nerve are   GNa,cn = (GNa,m + GNa,dm), Gkf,cn = (GKf,m + GKf,dm),  
Gks,cn = (GKs,m + GKs,dm) and Gl,cn =  (GL,m + GL,dm) respectively.  
The total ionic current for the coupled nerve at node n is given by 
                          (Iion,n)cn    =  (Iion,n)m   +   (Iion,n)dm 
     Thus, the currents in a coupled nerve can be written in terms of conductance and potential (as shown in case of 
demyelinated nerve [12]) with cubic polynomial function approximation [14] and considering resting potential 
zero at equilibrium, 
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2.1. Nerve conduction velocity in a coupled nerve:       
     After interaction, assuming the coupled nerve to be a single, isolated nerve, just like that of a myelinated (or a 
demyelinated) nerve and applying Kirchoff’s voltage law, we can write the current at node n-1 and node n,  
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(3) 
Fig.3. an electric model of a demyelinated nerve coupled with a myelinated nerve. 
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 Thus, from (2) and (3),            
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Considering total resistance of nerve fiber Rcn = Ri,cn + Ro,cn, we can write   
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In 1938, Zeldovich and Frank Kamenetsky [15] first obtained the equation for conduction speed to 
be 2
rc
gVc = , where the distance is measured in units of 1/ rg    and time in units of c/g.  Later, it was 
translated into the notation 
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     In equation (7), V1 is threshold voltage and V2 represents the Nernst potential for sodium ion. The equation (5) 
represents a discrete reaction diffusion equation of myelinated nerve with partial demyelination. Since internode’s 
spacing is very small, the continuum limit is reached [16]. Thus from equation (6) and using travelling wave 
solutions of equation with leading edge approximation [17] for action potential pulse in our formulation, the 
mathematical expression for conduction velocity in a coupled nerve is obtained as  
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3. Results: 
The nerve conduction velocity in a coupled nerve can be obtained from eq. (8) by using the following standard 
parameters as given in table below: 
 
 
 
 
 
 
 
(4) 
(5) 
(8) 
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               Table: Standard parameters for human nerve 
 
 
 
 
 
 
 
 
 
4. Discussion: 
 
 
 
 
 
 
    
 
 
 
 
     Fig.4. shows the formulation of conduction velocity in a coupled nerve and in a demyelinated nerve of human 
by using the standard parameters from Table.1. The solid line in the graph represents the reduction of conduction 
velocity with the increase in demyelinating factor in a demyelinated nerve. The black dots in the solid line 
represent the clinical value of conduction velocity of normal as well as demyelinating patients obtained from 
Guahati Medical College and Hospital (GMCH). While the dash line represents the estimation of conduction in a 
coupled nerve which clearly indicates that for the same range of demyelinating factor, the conduction velocity is 
higher in case of a coupled nerve than a demyelinated nerve.  
  Parameter      Value Units Source 
Internal resistance (Ri) 
External resistance (Ro) 
Capacitance (C) 
Sodium conductance (GNa) 
Fast potassium conductance (GKf) 
Slow potassium conductance(GKs) 
Leakage conductance (GL) 
Nernst sodium potential (VNa) 
Nernst potassium potential (VK) 
Leakage potential (VL) 
Sodium threshold potential ( NathV ) 
Fast potassium threshold potential( KfthV )  
Slow potassium threshold potential( KsthV ) 
Leakage threshold potential ( LthV )      
 
88.30 
10 
388.5 
28 
15 
30 
30 
61.5 
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-70.5 
  
M 
M 
pF 
nS 
nS 
nS 
nS 
mV 
mV 
mV 
 
mV 
 
mV 
 
mV 
 
mV 
[18] 
[18] 
[18] 
[9] 
[9] 
[9] 
[9] 
[9] 
[9] 
[9] 
 
[18] 
 
[18] 
 
[18] 
 
[18] 
Estimation of NCV in demyelinated and coupled nerve
0
10
20
30
40
50
60
70
80
90
0 0.2 0.4 0.6 0.8 1 1.2
demyelinating factor (%)
co
n
du
ct
io
n
 
ve
lo
ci
ty
 
(m
/s)
Demyelinated nerve 
Coupled nerve 
Fig.4. Estimation of conduction velocity in a coupled nerve as   
well as in a demyelinated nerve.
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5. Conclusion: 
 
      
 
      Fig.5. shows the comparison of conduction velocity versus demyelinating factor in a demyelinated nerve as 
well as in a coupled nerve. It is clearly seen that the conduction velocity in coupled nerve is greater than in case of 
a demyelinated nerve at different demyelinating factor. The conduction velocity decreases as the demyelinating 
factor increases in both the models. The conduction velocity drops below the normal limit of 45 m/s in case of a 
demyelinated nerve as the demyelinating factor increases. Although the conduction velocity decreases at variable 
degree of demyelination in a coupled nerve, the conduction velocity remains within the normal range, even when it 
is coupled with a fully demyelinated nerve or at 100% of demyelination. 
 
Acknowledgement 
     The authors are thankful to Dr. Mousumi Barthakur and Dr. Shabnam Ahmed Akhtar of GNRC and Dr. Munin Goswami 
and his staff members of neurological department of Gauhati Medical College and Hospital for providing necessary clinical 
NCV results. 
References 
[1] Wu. Y. P., Chen. W. S., Teng. C., Zhang. N., 2010. Stem cells for the treatment of Neurodegenerative Diseases. Molecules. 15: 6743-6758. 
[2] Ogawa.Y., Sawamoto. K., Miyata.T., Miyao. S., Watanabe. M., Nakamura. M., Bregman. B. S., Koike. M., Uchiyama. Y., Toyama. Y., 
Okano. H. 2002. Transplantation of in vitro-expanded fetal neural progenitor cells results in neurogenesis and functional recovery after 
spinal cord contusion injury in   adult rats. J. Neurosci. Res. 69:925-933.  
[3] Hodgkin. A. L., Huxley. A. F., 1952. A quantitative description of membrane and its application to conduction and excitation in nerve. J. 
Physiol. 117 500–44. 
[4] Jiang. W., Chen. L., Yang. F. X., 2007. Analysis and control of the bifurcation of Hodgkin Huxley model. Chao, Solitons and Fractals. 31 
247–256. 
[5] Z. J. Koles. Z. J., Rasminsky. M., 1972. A computer simulation of conduction in demyelinated nerve fibers. J. Physiol. 227 pp 351-364. 
[6] Hodgkin. A. L., Huxley. A. F., 1952. The components of membrane Conductance in the giant axon of Loligo. J. Physiol. 116 473-496. 
[7] Monsivais. P., Clark. B. A., Roth. A., Häusser. M., 2005. Determinants of Action Potential Propagation in Cerebellar Purkinje Cell Axons. 
Journal of Neuroscience. 25(2) 464-472. 
[8] Jessen. K. R., Mirsky. R, 2005. Nature Review, The origin and development of axon ensheathment and myelin growth. Neuroscience 6 
671-690. 
[9] Schwarz. J. R., Reid. G., Bostok. H., 1995. Action potentials and membrane currents in the human node of Ranvier. J. Physiol. 430 283-
292. 
[10]Tai. C.,Groat. W. C., Roppolo. J. R., 2005. Simulation analysis of conduction block in unmyelinated axons induced by high-frequency 
biphasic electrical currents. IEEE trans on Biomedical Engineering. 52(7) 1323-1332. 
Fig.5. Histogram representation of conduction velocity versus demyelinating 
factor in a single, demyelinated nerve and in a coupled nerve. 
282   H.K. Das and P.P. Sahu /  Procedia Engineering  64 ( 2013 )  275 – 282 
[11]Schnabel. V., Johannes. J. S., 2001. Evaluation of the Cable Model for Electrical Stimulation of unmyelinated Nerve Fibers. IEEE trans on 
Biomedical Engineering. 48(9) 1027-1033. 
[12] Das. H. K., Sahu. P. P., 2013. Effect of demyelination on conduction velocity in demyelinating polyneuropathic patients. International 
Journal of current Science and Tech. 1. p: 101-104. 
[13] Frankenhaeuser. B., Huxley. A. F., 1964. The action potential in the myelinated nerves of Xenopus laevis as computed on the basis of 
voltage clamped data. J. Physiol. 171: 302-325. 
[14] Binczak. S, Eilbeck and. J. C., Scott. A. C., 2011. Ephaptic coupling of myelinated nerve fibers. Physica D: Nonlinear Phenomena. 148 
159–174. 
[15] Zeldovich. Y. B., Kamenetsky. F., 1938. teorii ravnomernogo rasprostranenia plameni (Toward a theory of uniformly propagating 
flames). Doklady Akademii Nauk SSSR, 19:693–697. 
[16] Scott. A., Neuroscience: A mathematical premier 2002 Springer-Verlag Inc. NewYork pp.139-147. 
[17] Rissman. P., 1977. The leading edge approximation to the nerve axon problem. Bulletin of mathematical biology. 39 43-58. 
[18] Stephanova. D. L., Daskalova. M. S., Alexandrov. A. S., 2006. Differences in membrane properties in simulated case of demyelinating 
neuropathies, internodal focal demyelination with conduction block.  Journal of Biological physics. 32 129-144. 
 
 
 
 
